
A Monte Carlo Simulation for Pi  
 

Monte Carlo methods are statistical techniques using random 
numbers and probability to investigate problems. The expression 

“Monte Carlo method” was originally used by scientists working on 
nuclear weapons in the 1940s. You can find MC methods used in 

everything from economics to nuclear physics or modeling and 
regulating traffic flow.   

ػشٛائ١خ ٚ الاززّبي ٌٍجسث دَ الأسلبَ ايٟ٘ رم١ٕبد ازصبئ١خ رغزخعشائك ِٛٔزٟ وبسٌٛ 
اعزخذَ ٌفظ ِٛٔزٟ وبسٌٛ أعبعب ِٓ لجً اٌؼٍّبء اٌؼبٍِْٛ فٟ ِدبي الأعٍسخ . فٟ اٌّغبئً

فٟ وً شٟء اثزذاءاً ِٓ ػٍُ الالزصبد ٚ أزٙبءاً ثبٌف١ض٠بء ا٠ٌٕٚٛخ ٚ  ثاِىبٔه سؤ٠خ عشائك ِٛٔزٟ وبسٌٛ ِغزخذِخً.اٌزس٠خ فٟ الأسثؼ١ٕ١بد 
 . رخغ١ظ  ٚ رٕظ١ُ زشوخ اٌّشٚس 

Area of a circle 

We will use a Monte Carlo method to estimate  and find the area of a circle. While it is possible to look 

the formula for the area of a circle it is the mathematical process that is important in this 
investigation.  

ث١ّٕب ٠ىْٛ ِٓ اٌّّىٓ إٌظش فٟ اٌمٛاػذ اٌخبصخ ثّغبزخ اٌذائشح  . ٚا٠دبد ِغبزخ دائشح ِب ....ٌسغبة عش٠مخ ِٛٔزٟ وبسٌٛ عٕغزخذَ 
 .  لأٗ ِٓ اٌُّٙ  فٟ ػ١ٍّخ اٌزمصٟ أٚ اٌزسمك ٘ٛ اٌؼ١ٍّخ اٌش٠بض١خ

 
Suppose you put a square board outside in the rain. A circle is drawn inside the square board. The 

chances are the rain drops will land randomly across the board. The number of raindrops landing in the 

circle compared with those in the outside area is proportional to the respective areas.  
الاززّبلاد ٟ٘ أْ رغمظ ٔمبط اٌّغش .ٚذ اٌّشثغيْ ٕ٘بن دائشح ِشعِٛخ داخً ايٚأ.ا رسذ اٌّغش افزشض أٔه ٚضؼذ ٌٛذ ِشثغ خبسجً

 .اٌشىً اسٔخً ثزٍه اٌٙبعٍخ خبسخٙب ِزٕبعت ِغ زدُ ئْ ػذد لغشاد اٌّغش اٌٙبعٍخ ضّٓ اٌذائشح ِك.ػٍٝ اٌٍٛذ ػشٛائ١بً

Question 1: 

The picture shown opposite represents the circle and surrounding square 
board. If the rain lands randomly across the board, what percentage of rain 

drops do you think will hit the circle compared with those landing on the 
surrounding area? Explain your answer in detail.  

 :  1السؤال 

ارا عمظ اٌّغش ػشٛائ١بً ػٍٝ اٌٍٛذ . اٌظب٘ش أِبِٕب ٠ّثً اٌذائشح ٚاٌٍٛذ اٌّشثغ اٌّس١ظ ثٙب ئْ اٌشعُ 
ػٍٝ  ظٕه ٔغجخ لغشاد اٌّغش اٌزٟ عزٙغً ػٍٝ اٌذائشح ِمبسٔخً ثزٍه اٌزٟ عزٙغً فّبٟ٘ زغت

 . إٌّغمخ اٌّس١غخ ؟ اششذ خٛاثه ثبٌزفص١ً 
 
 

 



Question 2: 

For the next stage of the investigation you will need a TI-83 or TI-84 graphical calculator. The calculator 
has a built in random number generator. The random numbers will appear as an ordered pair. You must 

generate 100 ordered pairs of random numbers. Write each one down and plot it on your graph. Each 
time a point is plotted you need to decide whether the point is inside the circle or outside. This is 

equivalent to rain drops landing randomly across the board.  

عزظٙش الأسلبَ .  اٌّشزٍخ اٌثب١ٔخ ِٓ ػ١ٍّخ اٌجسث فٟ أٚ زً اٌّغأٌخ ٚرٌه ِٓ اخً TI-84  أٚ TI-83عزسزبج اٌٝ آٌخ زبعجخ ِٓ ٔٛع 
ًً. رت ِٓ الأسلبَ اٌؼشٛائ١خ سصٚج َ 100ػ١ٍه ر١ٌٛذ .اٌؼشٛائ١خ ثشىً صٚخٟ ِشرت ًِ اوزت و ٖ ث١ب١ٔبً ػٍٍٝ آٌزه اٌسبعجخ ػٍٝ زذا ِٚث

٘زا ِّبثً ٌمغشاد ا١ٌّبٖ اٌٙبعٍخ ػشٛائ١بً . ػٕذ رّث١ً ٔمغخ ِب فٟ وً ِشح فأه رسزبج أْ رمشس ارا وبٔذ إٌمغخ داخً أَ خبسج اٌذائشح 
 . ػٍٝ اٌٍٛذ 

Calculator instructions 

To generate the random numbers on the calculator use the following instructions:  
Switch the calculator on, clear the memory, then go to the random number generator.  

:   رؼ١ٍّبد ا٢ٌخ اٌسبعجخ 
 : اعزخذَ اٌزؼ١ٍّبد اٌزب١ٌخ , ثبعزخذاَ ا٢ٌخ اٌسبعجخ  ر١ٌٛذ الأػذاد اٌؼشٛائ١خ اخً ِٓ

 . سلبَ اٌؼشٛائ١خثُ ار٘ت اٌٝ ٌِٛذ الأ -اِغر اٌزاوشح –اضغظ ِفزبذ اٌزشغ١ً  -
Press  m then use the arrow keys  > and ; to move across to the Probability menu then down to 

the Random Integer command. 

 randomٚ ٌٍزسشن ضّٓ لبئّخ الاززّبي ثُ الأِش  <ثُ اعزخذَ ِفبر١ر الأعُٙ  m اضغظ 
integer  

 
  

 

 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

Press e and the randInt(  command is pasted to the 

home screen. Type (0, 20, 2) e and a pair of randomly 

generated integers from 0-20 is produced. 

-e ... ِٓ0(  0,20,2) اوزت .٠ظٙش ػٍٝ اٌشبشخ  ranIntٚ ِفزبذ  eاضغظ 
 20 .٠زُ أزبخٗ 

Question 3 

 

Press e several more times and more pairs are produced. Graph these pairs on the axes below and 

record them in the table provided.   

 ِؼغٝ عدٍُٙ فٟ اٌدذٚي ايزبٚس أدٔبٖ ٚ ي رٍه الأصٚاج ِٓ الأسلبَ ػٍٝ اٌُِثَ.ػذح ِشاد أخشٜ ٚ ع١ٕزح ٌذ٠ه أسلبَ اخشٜ   eاضغظ 



You will need to discuss what to do with a point that lands on the circumference and explain your 

decision. 

 . اٚ اٌّذاس ٚ ػًٍ لشاسنثٕمغخ رغمظ ػٍٝ اٌّس١ظ ِباٌزٞ ٠سً  عزسزبج ٌّٕبلشخ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 



  

  

 
Coordinates Inside Outside  Coordinates Inside Outside  Coordinates Inside Outside 
1 (  ,  )    18    35   

2    19    36   

3    20    37   

4    21    38   

5    22    39   

6    23    40   

7    24    41   

8    25    42   

9    26    43   

10    27    44   

11    28    45   

12    29    46   

13    30    47   

14    31    48   

15    32    49   

16    33    50   

17    34    Totals   

 

  



Coordinates Inside Outside  Coordinates Inside Outside  Coordinates Inside Outside 
51    68    85   

52    69    86   

53    70    87   

54    71    88   

55    72    89   

56    73    90   

57    74    91   

58    75    92   

59    76    93   

60    77    94   

61    78    95   

62    79    96   

63    80    97   

64    81    98   

65    82    99   

66    83    100   

67    84    Totals   

 

Question 4 

a) What was the total number of points inside the circle? ِب ٘ٛ اٌؼذد الاخّبٌٟ ٌٍٕمبط داخً اٌذائشح 

b) What was your total number of points inside the square? ًاٌّشثغ  ِب ٘ٛ ػذدن الاخّبٌٟ ٌٍٕمبط داخ  

c) What is the ratio of points inside the circle/points inside the square? This is equal to 
𝜋

4
. ل  هذا مساوي  معدل النقاط داخل الدائرة و النقاط داخل المربع ؟  ِب٘ٛ 

d) Multiply by 4 to estimate    اضشة ثأسثؼخ ٌسغبة

e) Use the previous two answers to determine the area of the circle.  اعزخذَ اٌدٛاث١ٓ اٌغبثم١ٓ ٌزسذ٠ذ ِغبزخ
 اٌذائشح  



Like all Monte Carlo simulations the „degree of accuracy‟ is related to the number of trials.  

Although 100 trials take a while to do by hand, it is necessary to do a lot more than 100 trials. 

ئلا أْ ِٓ , ثبٌشغُ ِٓ أْ ِئخ ِسبٌٚخ رغزغشق ٚلذ ٌٍم١بَ ثٙب ٠ذ٠ٚبً .رشرجظ دسخخ اٌذلخ فٟ أعٍٛة ِٛٔزٟ وبسٌٛ ثؼذد اٌّسبٚلاد 
  اٌضشٚسٞ اٌم١بَ أوثش ثىث١ش ِٓ ِئخ ِسبٌٚخ 

Question 5 

Rather than repeat another 100 trials, ask 9 friends to share their results with you. This brings the grand 
total of trials to 1000. Record your results (and friends) in the table below and repeat the previous 

questions for determining the area of the circle based on Monte Carlo simulation. 

:  اٌغإاي اٌخبِظ 
عدً ٔزبئده ٚ ٔزبئح صِلائه فٟ اٌدذٚي .أْ رغٍت ِٓ  رغؼخ أصذلبء ِشبسوخ ٔزبئدُٙ ِؼه ٘ٛ أفضً ِٓ رىشاس ِئخ ِسبٌٚخ أخشٜ 

 أدٔبٖ ٚ وشس الأعئٍخ اٌغبثمخ ٌزسذ٠ذ ِغبزخ اٌذائشح ثبلاعزٕبد اٌٝ عش٠مخ ِٛٔزٟ وبسٌٛ 

Friends Name: Number Inside Number Outside % Inside Circle 

1    

2    

3    

4    

5    

6    

7    

8    

9    

My Results    

Totals:   

 

Question 6. 

Use your table of results with all 1000 trials to determine the average percentage area the circle 

occupies.  
Discuss your results, specifically the amount of area the circle occupies.  

:  عإاي اٌغبدط اي
 .ٌٍّغبزخ اٌزٟ رسزٍٙب اٌذائشح  ٌف ِسبٌٚخ ٌزسذ٠ذ ِزٛعظ إٌغجخاعزخذَ خذٚي ٔزبئده اٌزٞ ٠سزٛٞ ػٍٝ ا

 . خصٛصبً ِمذاس اٌّغبزخ اٌزٟ رسزٍٙب اٌذائشح , ٔبلش ٔزبئده 
 

Question 7. 

Use either a computer or graphical calculator to simulate 10,000 trials to determine the percentage area 

the circle occupies. Determine the corresponding area of the circle and comment on your results. 
:  اٌغإاي اٌغبثغ 

 .عجخ اٌج١ب١ٔخ ٌزّثً ػششح ا٢ف ِسبٌٚخ ٌزسذ٠ذ ٔغجخ اٌّغبزخ اٌزٟ رسزٍٙب اٌذائشح اعزخذَ ئِب اٌىّج١ٛرش أٚ ا٢ٌخ اٌسب
 

 
Question 8 

Describe how you could use the simulation to calculate a value for pi 
 :  8اٌغإاي 

 ...صف و١ف ثاِىبٔه اعزخذاَ ػ١ٍّخ اٌزّث١ً اٌش٠بضٟ ٌسغبة ل١ّخ 
 
The website http://polymer.bu.edu/java/java/montepi/MontePi.html has an applet which performs this 

simulation at speed. 
 

 

http://polymer.bu.edu/java/java/montepi/MontePi.html


 

 
 

 
 

 

 
 

 
 

 
 

 

Notes To Teacher:     ِلازظبد ٌٍّؼٍُ

 
A. Generating truly random numbers on the calculator 

 ر١ٌٛذ أسلبَ ػشٛائ١خ زم١م١خ ثبعزخذاَ ا٢ٌخ اٌسبعجخ 
 

Explain to students that the TI calculator does not generate truly random values. Instead it depends on 
the seed value stored in the calculator. Two calculators with the same seed values will produce the 

same digits. 

ثً ئٔٙب ثذي ِٓ رٌه رؼزّذ ػٍٝ اٌم١ّخ الأعبع١خ اٌّخضٔخ فٟ . لا رٌٛذ أسلبَ ػشٛائ١خ زم١م١خ  TIاششذ ٌٍغلاة ثأْ ا٢ٌخ اٌسبعجخ ِٓ ٔٛع 
 . ٌزٌه فاْ آٌز١ٓ زبعجز١ٓ ثٕفظ اٌم١ُ الأعبع١خ عزٕزح الأسلبَ رارٙب .ا٢ٌخ اٌسبعجخ 

Seed the calculator with a truly randomly generated number – you could roll a die or use the last 4 digits 

of your telephone number  

 .رغزغ١غ سِٟ زدش ص٘ش ٚازذ أٚ اعزخذاَ آخش أسثؼخ أسلبَ ِٓ سلُ ٘برفه _  صٚد ا٢ٌخ اٌسبعجخ ثشلُ ٌِٛذ ػشٛائ١بً ثصٛسح زم١م١خ

For example 2374 = rand e etc. You can type rand command into the calculator directly onto 

the home screen or cut and paste it from the catalogue using the ` 0 ; e  keys as shown 

below. 

ٌصمٗ ِٓ  ٖ ٚلصفٟ ا٢ٌخ اٌسبعجخ ِجبششح ػٍٝ اٌشبشخ اٌشئ١غ١خ أٚ  randرغزغ١غ وزبثخ أِش ..  . اٌخ rand e=  2374: ِثلا 
.   أدٔبٖ  وّب ٘ٛ ِٛضر   o eاٌىبربٌٛن ثبعزخذاَ  ِفزبزٟ 

 
 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

Now any values produced by the randInt command will truly be random. 

. عزىْٛ ػشٛائ١خ زمبً  ranIntا٢ْ أ٠خ ل١ُ أٔزدٙب الأِش 
 



B. How the mathematical process works   و١ف ردشٞ اٌؼ١ٍّخ اٌش٠بض١خ ؟

 

You should work through the following ideas with the boys: 
                              . ػ١ٍه اٌؼًّ ِغ اٌغلاة ِٓ خلاي رٍه الأفىبس 

 
 The area of the square is proportional to r2 

 The area of the square is 4r2  

 The area of the circle is proportional to r2 but not by a factor of 4. 

Let‟s call the factor . So area = r2 

 The ratio of the
𝑎𝑟𝑒𝑎  𝑜𝑓  𝑐𝑖𝑟𝑐𝑙𝑒

𝑎𝑟𝑒𝑎  𝑜𝑓  𝑠𝑞𝑢𝑎𝑟𝑒
= 

𝜋𝑟 2

4𝑟2
=  

𝜋

4
 

 

 Multiply the ratio by 4 to estimate pi.  

 

 Use the value of pi to calculate the area of any circle. 

 


